This report summarizes published results and personal comments of a number of researchers who have used synthetic soil mixtures. It also contains a small amount of data collected at the Waterways Experiment Station. In general, it can be said that whereas synthetic soils may be useful in some limited sense, they do not offer the panacea that earlier researchers claimed or hoped for. The engineering_ properties of many synthetic mixes may be more dependent on temperature and rate of loading than those of soil-water mixes. It is concluded that the usefulness of synthetic soils in engineering research is rather limited, and it is recommended that any researcher thoroughly study the behavioral patterns peculiar to a particular synthetic mix he may plan to use lest the utility of the information produced be restricted by them.
ix UTILIZATION OF SYNTHETIC SOILS IN ENGINEERING RESEARCH
Introduction Background 1. Engineering research studies that involve the use of soil can be very costly, and a large portion of the cost is attributable to the soil preparation. Inability to maintain stable conditions during the testing cycle plagues research programs involving natural soils both in the laboratory and in the field. This instability may be caused by a variety of factors, including moisture evaporation and thixotropic changes.
2. In the past, several researchers fl.ave attempted-to use asyntlietic soils," particularly in model studies; and whereas some seem quite pleased with their results, as many others are thoroughly displeased. However, a comprehensive comparison has not been made of the properties of natural and synthetic soils sufficient in scope to permit a prospective researcher to truly and objectively judge the relative merit of using synthetic soils.
3. There appear to be a number of possible advantages in using such materials. One possibility is the establishment of a standard reference material for a broad group of research programs being conducted in laboratories throughout the country. Also, such materials may have long-term stability, reproducibility of test conditions may be enhanced, and economic advantages may result in some instances. These possibilities alone seem to justify a comprehensive study of the properties of synthetic materials, and a comparison of their properties with those of natural soils.
4. There are a number of direct potential uses for synthetic soils in the defense-related research programs being conducted at the U. s. Army Engineer Waterways Experiment Station (WES). Among these are: a. The development of design· criteria and performance prediction methods for structures intended to provide protection against nuclear weapons.
b. The development of methodology for predicting and evaluating the performance of off-road vehicles and of aircraft landing gear assemblies designed for operation on unsurfaced landing strips.
The development of technology for designing and predicting the operational life of pavements (prefabricated, flexible, and rigid). Several synthetic soils and their uses 10. Gelatin has been used to study stress patterns created by loading cohesive materials with model structure foundations and wheels. Glass beads and smooth rods have been used to represent frictional materials for the study of displacements generated by surface loading and by running wheels.
11. Natural soils with synthetic pore fluids (binders), as well as synthetic admixtures, have been used in studies of earthmoving equipment (scale models), effects of explosive charges, transient loading, tillage tools, vehicle mobility, etc.
12. Two common synthetic admixtures are clay-sand-oil and claysand-ethylene glycol with various percentages of the three constituents.
Glycerin has also been used as a pore fluid in such mixes. These admixtures have been used in a variety of applications covering generally the I same areas as listed in paragraph 10 above.
13. One researcher reported that he .had produced,a satisfactory synthetic soil for his needs by mixing kaolinite with two liquids from the family of plasticizers, dibutyl phthalate and dibutyl sebicate. The mixture of fluids was assigned the name Hydrate 121.
Advantages sought 14. The emphasis on the type of advantages sought may differ from one researcher to another, but there is a certain amount of commonality.
A few of the advantages that have been mentioned are:
a. Long-term stability of the mix.
(1) Low evaporation rate ( c. Economic gains. Although the initial cost of many synthetic soils or soil simulants may be high, there is the potential savings resulting from the lack of a need to remix certain materials with their pore fluids after long storage periods.
Preparation and Maintenance of Test Soils
Natural soils 15. The WES has had considerable experience in preparing and maintaining large volumes (up to several hundred cubic yards in a single test specimen) of soil-water mixtures in its mobility research programs. Two fine-grained soils (a heavy clay and a lean clay) and two coarse-grained soils (Yuma sand and crushed basalt rock) have been. used. Classification and gradation data for these soils are shown in fig. 1 .
16. Fine-grained soil-water mixtures. These mixtures are prepared by blending (in a pug mill) water with soil that has been previously dried and crushed into fine particles. The mixture is dumped from the pug mill into a soil bin ( fig. 2) , where it is compacted by a rubber-tired roller.
About 95 percent saturation is achieved. In this state, this soil will remain stable for periods of a year or more, if the surface is kept covered with an impervious membrane and the material is infrequently (once or twice a week) sprayed lightly to ,compensate for moisture losses. This material can be reprocessed in place for many cycles without any noticeable change in behavioral properties, provided it is not allowed to dry. Spraying of the material is performed more frequently during the reprocessing and testing cycles.
17. Coarse-grained soil-water mixtures. During the past two years, the WES was faced with the problem of producing a soil test section of Yuma sand and one of crushed basalt ( fig. 1 ), both of which had to possess cohesive and frictional strength components. The use of synthetic pore fluids was considered, since it was generally felt that water content levels greater than that present in the air-dry condition, i.e. about 0.5 percent, could not be maintained; however, this fear proved to be un- 26. Long-term stability. The brevity of the program and the low funding level did not permit a detailed evaluation of the changes in the engineering properties of the mixtures with time; however, a few observations were made. There was no apparent "bleeding" of the mixtures that were stored for periods up to 12 months. Some balling did occur; but since the soil was not subjected to extensive reprocessing, the magnitude of this problem could not be ascertained.
Disadvantages of Synthetic Soils
27. Synthetic soils that are prepared by mixing synthetic pore fluids or binders with one natural soil or an admixture of soils have a number of disadvantages, some of which are:
* The Cohron sheargraph is normally operated in a range of normal pressures from 0 to 15 psi, whereas the gyratory shear device, designed for higher pressures, was operated at normal pressures of 50 psi and above.
a. Difficulty in the mixing process to achieve a homogeneous mixture, thereby resulting in high initial processing costs.
b. High cost of synthetic pore fluids and binders.
c. Bleeding of "wet" mixes that are intended to represent cohesive soil, i.e. pore fluids separate from the mix if it is left standing, and continuous maintenance of the mix is required.
d. Forming of soil balls in "dry" mixes, such as those used to represent friable soils in agricultural equipment research laboratories, when the mixes are reprocessed, so that after several processing cycles, the material must be removed from the testing line, the balls broken up, and the material completely remixed.
e. Greater deper:i-dency on temperature changes and rate of loading of the penetration resistance of synthetic soils (clay mixed with ethylene glycol or with glycerin) than that of clay-water mixtures.
28. The above comments apply, in the main, to mixes with pore fluids that are more viscous than water and with viscosities more temperature dependent than that of water.
Ongoing Research
29. According to a recent report by the State University of New York at Buffalo, a synthetic mix that lacks some of the disadvantages mentioned in the preceding' paragraphs is being prepared and used in its facilities (paragraphs 13 and 18). The mix is a combination of kaolinite and Hydrate 121 (a mixture of dibutyl phthalate and dibutyl sebicate). These liquids are mixed in proportions necessary to form a liquid whose specific gravity is one (equivalent to that of water). This synthetic mix presented no serious initial mixing problem, has been stable for almost a year, and shows no signs of deterioration due to reprocessing; however, it has not been evaluated with respect to rate of loading and temperature effects.
30. The researchers have postulated that mixing and stability problems are less severe for Hydrate 121-kaolinite mix than for other synthetic mixes because the molecule diameters of the two constituent liquids of Hydrate 121 approach that of water. Furt~er, the penetration resistance of this synthetic mix may not be as sensitive to changes in rate of loading and temperature as other synthetic mixes because the pore fluid, Hydrate 121, has a viscosity similar to that of water, and its viscosity is less sensitive to temperature changes than that of other fluids commonly used in synthetic soils.
31. Without a doubt, better synthetic mixes can be had than those commonly used in the past, but each new mix needs to be carefully evaluated.
In the opinion of this author, the evaluation requirements are extensive enough in many cases to force a conclusion that the use of natural soils is more economically feasible than the use of synthetic ones.
Conclusions and Recommendations
Conclusions 32. Based on the information that has been compiled from other researchers and the limited amount of data available, the following tentative conclusions were reached: a.
b.
c.
d.
~·
Synthetic soils do not offer the panacea that earlier researchers claimed or hoped for.
Many mixes lack long-term stability, and thus do not offer economic advantages and cannot be used as standard reference soils.
The penetration resistance of synthetic mixes is very likely to be more dependent on temperature and rate of loading than that of soil-water mixes.
The problems listed in conclusions b and c restrict the usefulness of synthetic soils in de;_;:elopm;nt of systems for predicting the behavior of prototype soil-structure (or any soil-foreign object) interaction systems in their natural environment, based on laboratory (model or prototype) testing.
With a little extra effo~t, natural soils can be maintained in a stable condition for relatively long periods of time.
Recommendations 33. Any researcher or consultant, prior to selecting or recommending a synthetic soil, should make certain that he fully understands the behavioral patterns peculiar to that mix so that the utility of the information produced is not restricted by them. 
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